Abstract. Solar radiation is the earth's primary energy source for all biochemical and physical activities. Accurate 9 knowledge of the solar radiation is important in engineering applications. This study aimed to calibrate some of the 10 existing models in the literature for estimating daily total global solar radiation parameter using available measuring 11 records (maximum and minimum air temperatures) and new models were developed based on maximum and minimum extremes. Error analyses were applied to these models and results were given in the study.
Introduction 24
Solar energy is the principal energy source for the processes such as biological, chemical and 25 physical activities. Accurate knowledge of the solar radiation is important for many applications; 26 simulations and modellings, architectural design, solar energy systems. There are many 27 meteorological stations those measure basic meteorological parameters; but not all of them 28 measure the global radiation in the worldwide. Sometimes, measurement of the solar radiation 29 cannot be available due to the equipment's cost, maintenance and calibration requirements in 30 developing countries. There are several empirical models in the literature to estimate the global 31 radiation using various parameters (Chen et. al., 2004; Menges et. al, 2006) . 32 Solar energy is an energy source, which is clean, renewable and domestic and solar energy has 33 high importance (Menges et. al, 2006) . Without knowledge of solar radiation, it is impossible to 34 design solar energy systems. Estimation models are widely used when solar radiation is not 35 measured and available, these models help to obtain solar radiation value. 36
Amount of the solar radiation that received to the globe can change due to variables such as the 37 time of day and the season, and the prevailing atmospheric conditions... In the northern 38 hemisphere, the greatest amount of radiation is received in the location that is situated between 15 39 ºN and 35 ºN latitudes, for example Egypt. The next place which receive greatest amount of 40 radiation is between 15 ºN and the equator which includes Central America. Sweden. Approximately half of the radiation arrives at the surface as diffuse radiation, because 45 there may be frequent heavy cloud cover in the atmosphere (Armstorng et. al, 2010) . 46
One of the main purposes of this study is the validation of the several models in the literature; 47 Models will be used to calculate total daily global solar radiation values. In this study, the reason 114 why the period is selected on a daily basis is due to the importance of daily meteorological 115 estimations. It is also thought that there may be instantaneous changes in shorter time periods. 116 0 = ( 100 ) + ( max − T min ) 0.5 + c( max − min ) + ( 100 ) ( max − min ) 0.5 + (10) 117
Daily relative humidity extremes were used to estimate solar radiation in this study. Two models 119
were proposed for estimation the daily solar radiation related to relative humidity extremes. One 120 of the models use the saturation vapor pressure, the ratio between daily maximum relative humidity 121 and daily minimum relative humidity and the daily temperature extremes. Other model is based 122 on temperature extremes, relative humidity ratio and the relative humidity. RHmax is the daily 123 measured maximum relative humidity, RHmin is minimum relative humidity, es is the saturation 124 vapor pressure at daily average temperature. The models are given in Eq. 12 and Eq. 13. 125
Calculation of es is shown in Eq. 14. Tavg is daily average air temperature. If NSE equals to 1, the model corresponds to a perfect match between modelled and observed data. 174
Results and Discussions 175
Solar radiation data can give useful information in the design and for studies about the solar energy 176 systems, agricultural processes, etc. In the literature, there are empirical models to estimate global 177 solar radiation. These models can be suitable tools if the parameters can be calibrated for the 178 different locations. In this study, some of the models in the literature were calibrated for Irish and 179 Dutch cities to estimate daily total global solar radiation. Also, five new models were presented in 180 this study and these models were validated with the meteorological data of Ireland and Holland. 181
Validation of the models were performed with MPE, MBE, RMSE and NSE methods and given 182 in the rest of the study. Table 2 . Also, mean percentage errors 186 for the every month are given in Table 3 . 187
In equation 5, Hargreaves model can be seen. a and b are the empirical coefficients. In this study, 188 these empirical coefficients to estimate daily total global solar radiation in Irish and Dutch cities 189 are found and given in Table 3 . The coefficients were derived by using MATLAB R2015a and 190
Minitab Statistical Software. 191 
Allen Model 199
Allen model was applied for the estimation of the daily solar global radiation in Irish and Dutch 200 cities. Empirical coefficient "a" was found by MS Office Excel 2013, coefficients can be seen in 201 Table 4 . Error analyses of the Allen method's application is seen in 
Chen Model 217
Chen model's empirical coefficients are seen in Table 6 . 218 
Ekici Models 223
Three daily solar radiation estimation models are suggested in this study. They were shown in 224 Equation 10, 11, 12 and 13. There are empirical coefficients in the models. The empirical 225 coefficients of the models can be seen in Table 7 . These coefficients are calculated by regression 226 analyses of Minitab 17 Statistical Software and MATLAB fitting toolboxes. In the table, Equation  227 10 Table 7 Empirical coefficients for Ekici models Figure 1 ; it may be give idea about the models' daily trends. If you look at the daily 241 trends of the models in the literature, it is seen that these models have more scattered errors. But 242 in developed models, it can be said that the errors are a little bit more closer to each other on daily 243 basis. Since it can be said that all models show the similar tendency in general. 244 
